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Abstract: Meishan Bay became a semi-enclosed artificial bay after the construction of the North Dam and 
South Dam at the entrances of Meishan Bay between 2012 and 2017. Following the dam construction, 
Meishan Bay has become a concentrated area primarily for tourism, leisure, and ecological protection, with a 
significant increase in the frequency of red tides. To investigate the impact of artificial dam construction on 
the structure of phytoplankton communities in the Meishan Bay, this study conducted surveys of water bodies 
at nine stations both inside and outside the bay. Results showed that the abundance of phytoplankton within 
the bay was higher than outside, while the average species diversity index and evenness index were lower 
within the bay compared to outside, reflecting weaker ecosystem stability within the bay. The construction of 
dams in the Meishan Bay reduced the water flow velocity, leading to a decrease in the concentration of 
suspended solids, increased water transparency, and reduced limitations on algal photosynthesis, thus favoring 
algal reproduction. On the other hand, the convergence of multiple terrestrial rivers within the bay provided 
a large amount of nutrients for algae, promoting their proliferation but also exacerbating pollution within the 
bay. The dam construction also altered the content and ratio of nutrients within the bay, resulting in a higher 
proportion of dinoflagellates. Skeletonema sp., Guinardia delicatula, and Prorocentrum minimum became 
dominant species in the water. It was clearly showed by this study that Meishan Bay was influenced 
simultaneously by artificial dam construction and maritime tourism, resulting in a low stability ecosystem. 
There is a need to enhance pollution management within the bay, guide the development of the tourism 
industry, and monitor red tides. This research provides a scientific basis for understanding the ecological and 
environmental impacts of artificial dam construction. 

1. Introduction 
Intensifying human activities have aggravated marine 
pollution and eutrophication in coastal waters [1][2][3], 
and have been associated with an increased frequency of 
harmful algal blooms in Chinese coastal waters [4]. 
Changes in coastal ecosystem structure pose potential 
threats to economic. 

development and human health. Artificial dam 
construction provides benefits such as water storage, flood 
control, navigation, hydropower generation, and water 
regulation. However, it can also alter hydrodynamic 
conditions, reduce sediment delivery to downstream and 
estuarine areas, and retain large amounts of nutrients. 
These environmental changes may accelerate or reshape 
the community structure of aquatic organisms [5]. Marine 
phytoplankton are widely distributed, highly abundant, and 
characterized by rapid growth cycles. They are major 
contributors to global primary production. Because 
phytoplankton are highly sensitive to environmental 
changes, they are useful biological indicators for studies of 
environmental and climatic variability [6]. 

With the gradual development of the global marine 
economy, coastal engineering has become an effective 
approach for supporting coastal development and meeting 
the strategic demands of marine resource utilization. It also 
provides substantial social and economic benefits [7]. As a 
form of development and utilization that alters the natural 
properties of the marine environment, coastal engineering 
can disturb marine ecosystems. Such disturbances include 
reduced water transparency, decreased dissolved oxygen, 
altered nutrient balance, and declines in biological 
resources. As important primary producers in marine 
ecosystems, phytoplankton are highly sensitive to changes 
in the marine environment. Changes in their community 
structure may alter the structure of marine food webs and 
thereby affect the balance of marine ecosystems [8]. 

At present, studies on the long-term effects of coastal 
engineering construction on phytoplankton communities 
remain limited [8][9][10]. Among these studies, research 
on the ecological impacts of nearshore artificial dam 
construction is particularly scarce. The ecological effects 
of nearshore artificial dam construction include regulation 
of river discharge, reduction of sediment flux, changes in 
water temperature, erosion of estuarine deltas, alterations 
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in the composition and distribution of nutrients, changes in 
the structure and distribution of phytoplankton, and habitat 
fragmentation in adjacent marine areas [5]. 

Meishan Bay is an important component of Ningbo–
Zhoushan Port. It was originally a north–south open 
waterway. Between 2012 and 2017, the North Dam and 
South Dam were constructed on its landward side, and their 
closure transformed the bay into a semi-enclosed artificial 
lagoon [11]. The dams altered the hydrodynamic 
conditions within the bay, resulting in relatively calm 
waters and reduced suspended sediment concentrations 
[12]. With industrial upgrading, the land areas on both 
sides of Meishan Bay have shifted from fisheries and 
agriculture toward industrial development, forming an 
industrial cluster dominated by petrochemicals, steel, 
energy, papermaking, and shipbuilding. In contrast, the bay 
itself has become a functional area mainly focused on 
tourism, recreation, and ecological conservation. After dam 
construction, red tides occurred repeatedly in Meishan Bay, 
reaching a peak in 2018 [13]. 

To investigate the effects of artificial dam construction 
on the ecosystem of Meishan Bay, nine sampling stations 
were established inside and outside the bay. Surface and 
bottom seawater samples were collected at each station. By 
analyzing phytoplankton distribution in the surface and 
bottom waters, this study aimed to characterize the spatial 
distribution patterns of phytoplankton and further reveal 
the ecological effects of artificial dam construction on the 
nearshore bay ecosystem. 

2. Material and methods 

2.1 Sampling sites 

Nine sampling stations were established inside and outside 
Meishan Bay (Table 1). Phytoplankton water samples were 
collected in winter 2022 and spring 2023(Figure. 1). Water 
samples from different depths were used to analyze the 
phytoplankton community structure in specific water 
layers. Seawater samples were collected using a 30 L 
Niskin bottle, and 500 mL of seawater was transferred into 
a 550 mL PET bottle for phytoplankton analysis. The 
phytoplankton samples were fixed with Lugol’s solution at 
a final concentration of 1% and stored in the dark until they 
were transported back to the laboratory. 

Physicochemical parameters of the water column were 
measured in situ using a CTD multiparameter probe (Sea-
Bird, SBE 19plus, USA). Dissolved inorganic nitrogen 
(DIN) was calculated as the sum of nitrate (NO3

–), nitrite 
(NO2

–), and ammonium (NH4
+) concentrations. Nitrate, 

nitrite, and phosphate were analyzed using a continuous-
flow nutrient analyzer (Skalar, Netherlands). One-way 
analysis of variance (ANOVA) in Excel 2019 was used to 
test differences in phytoplankton samples and 
environmental factors between surface and bottom waters, 
as well as between stations inside and outside the bay. 

 

Fig. 1. The sampling stations in Meishan Bay 

Table 1. Information of the sampling stations in Meishan Bay 

Sampling 
station Longitude/E Latitude 

/N Depth /m Location Sampling 
time 

S1 122.03704 29.82861 2.2 Outside the 
bay 2022.11 

S2 121.98707 29.81434 8.0 Inside the bay 2022.11 
S3 121.96684 29.80006 9.5 Inside the bay 2022.11 
S4 121.94603 29.78221 6.2 Inside the bay 2022.11 
S5 121.91906 29.75604 5.1 Inside the bay 2022.11 

S6 121.91527 29.74115 3.0 Outside the 
bay 2023.05 

S7 121.91461 29.73464 4.6 Outside the 
bay 2022.11 

S8 121.88765 29.70570 5.6 Outside the 
bay 2023.05 

S9 121.90792 29.68052 8.3 Outside the 
bay 2023.05 

2.2 Data processing 

Before analysis, the preserved phytoplankton samples were 
gently mixed, and a 1 mL aliquot was transferred to a 1 mL 
Sedgewick–Rafter counting chamber (PYSER-SGI, UK). 
The chamber was covered with a coverslip and examined 
using an inverted light microscope (Olympus CKX53, 
Japan) for taxonomic identification and cell enumeration. 
Phytoplankton abundance was expressed as cells per liter 
(cells/L). Community diversity and evenness were 
evaluated using the Shannon-Wiener diversity index (H′) 
and Pielou’s evenness index (J′), respectively. Dominant 
species were identified based on the dominance index, and 
species with Y > 0.02 were considered dominant. 

3. Results 

3.1 Spatial distribution of phytoplankton in 
surface water of Meishan Bay 

In the surface waters of Meishan Bay, a total of 30 
phytoplankton species were identified, including 18 diatom 
species, 8 dinoflagellate species, 1 cyanobacterial species, 
1 cryptophyte species, and 2 euglenophyte species. No 
single species was detected at all sampling stations. Among 
the nine stations, phytoplankton abundance was highest at 
S2 and lowest at S7. Stations S2, S3, S4, and S5 were 
located inside the bay, where phytoplankton abundance 
ranged from 201,000 to 1,200,000 cells/L. Stations S6, S8, 
and S9 were located on the southern outer side of the bay, 
where abundance ranged from 101,000 to 200,000 cells/L. 
Stations S1 and S7 were located on the northern and 
southern outer sides of the bay, respectively, where 
abundance ranged from 17,000 to 50,000 cells/L. The 
Shannon–Wiener diversity index was highest at S4 and 
lowest at S5. The index ranged from 1.11 to 1.90 at S4, S6, 
and S7; from 0.81 to 1.10 at S1 and S3; and from 0.30 to 
0.80 at S2, S5, S8, and S9. Pielou’s evenness index was 
highest at S7 and lowest at S5. The index ranged from 0.21 
to 0.25 at S1 and S7; from 0.11 to 0.20 at S2, S4, S6, S8, 
and S9; and from 0.05 to 0.10 at S3 and S5(Figure. 2 and 
Figure. 3). 

The dominant species in the surface waters were 
Skeletonema sp., Guinardia delicatula, and Prorocentrum 
minimum. Diatoms occurred at all stations and contributed 
the highest proportion of phytoplankton abundance at all 
stations except S5. Dinoflagellates were mainly distributed 
at the inner-bay stations and showed the highest relative 
abundance at S5 near Wanren Beach, where they far 
exceeded diatoms. Cyanophyta, Cryptophyta, and 
Euglenophyta generally had low abundances, although 
Cyanophyta reached their highest abundance at S1 and 
exceeded diatoms there, while Cryptophyta reached their 
highest abundance at S6. 

 

Fig. 2. Abundance of phytoplankton phylum in surface water in 
different stations of Meishan Bay 

 

Fig. 3. Salinity (B) in surface water at each station site in 
Meishan Bay 

3.2 Spatial distribution of phytoplankton in 
bottom water of Meishan Bay 

In the bottom waters of Meishan Bay, a total of 27 
phytoplankton species were identified, including 24 diatom 
species and 3 dinoflagellate species, whereas Cyanophyta, 
Cryptophyta, and Euglenophyta were not detected. No 
single species occurred at all sampling stations. Among the 
six stations, phytoplankton abundance was highest at S2 
and lowest at S7. Abundance ranged from 150,000 to 
300,000 cells/L at S2, S3, and S4, from 21,000 to 150,000 
cells/L at S1 and S5, and was 18,000 cells/L at S7. The 
Shannon–Wiener diversity index was highest at S5 and 
lowest at S1, with values ranging from 0.40 to 1.50, while 
Pielou’s evenness index was highest at S7 and lowest at S4, 
ranging from 0.10 to 0.20(Figure. 4). 

The dominant species in the bottom waters were 
Skeletonema sp., Guinardia delicatula, and Prorocentrum 
minimum. Diatoms occurred at all stations and showed 
higher abundances than other phytoplankton groups, with 
the highest abundance observed at S2. Dinoflagellates were 
detected only at the inner-bay stations, including S2, S3, S4, 
and S5, and made their highest contribution to total 
phytoplankton abundance at S2. Cyanophyta, Cryptophyta, 
and Euglenophyta were not detected in the bottom waters. 

 

Fig. 4. Abundance of phytoplankton phylum in surface water in 
different stations of Meishan Bay 
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in the composition and distribution of nutrients, changes in 
the structure and distribution of phytoplankton, and habitat 
fragmentation in adjacent marine areas [5]. 

Meishan Bay is an important component of Ningbo–
Zhoushan Port. It was originally a north–south open 
waterway. Between 2012 and 2017, the North Dam and 
South Dam were constructed on its landward side, and their 
closure transformed the bay into a semi-enclosed artificial 
lagoon [11]. The dams altered the hydrodynamic 
conditions within the bay, resulting in relatively calm 
waters and reduced suspended sediment concentrations 
[12]. With industrial upgrading, the land areas on both 
sides of Meishan Bay have shifted from fisheries and 
agriculture toward industrial development, forming an 
industrial cluster dominated by petrochemicals, steel, 
energy, papermaking, and shipbuilding. In contrast, the bay 
itself has become a functional area mainly focused on 
tourism, recreation, and ecological conservation. After dam 
construction, red tides occurred repeatedly in Meishan Bay, 
reaching a peak in 2018 [13]. 

To investigate the effects of artificial dam construction 
on the ecosystem of Meishan Bay, nine sampling stations 
were established inside and outside the bay. Surface and 
bottom seawater samples were collected at each station. By 
analyzing phytoplankton distribution in the surface and 
bottom waters, this study aimed to characterize the spatial 
distribution patterns of phytoplankton and further reveal 
the ecological effects of artificial dam construction on the 
nearshore bay ecosystem. 

2. Material and methods 

2.1 Sampling sites 

Nine sampling stations were established inside and outside 
Meishan Bay (Table 1). Phytoplankton water samples were 
collected in winter 2022 and spring 2023(Figure. 1). Water 
samples from different depths were used to analyze the 
phytoplankton community structure in specific water 
layers. Seawater samples were collected using a 30 L 
Niskin bottle, and 500 mL of seawater was transferred into 
a 550 mL PET bottle for phytoplankton analysis. The 
phytoplankton samples were fixed with Lugol’s solution at 
a final concentration of 1% and stored in the dark until they 
were transported back to the laboratory. 

Physicochemical parameters of the water column were 
measured in situ using a CTD multiparameter probe (Sea-
Bird, SBE 19plus, USA). Dissolved inorganic nitrogen 
(DIN) was calculated as the sum of nitrate (NO3

–), nitrite 
(NO2

–), and ammonium (NH4
+) concentrations. Nitrate, 

nitrite, and phosphate were analyzed using a continuous-
flow nutrient analyzer (Skalar, Netherlands). One-way 
analysis of variance (ANOVA) in Excel 2019 was used to 
test differences in phytoplankton samples and 
environmental factors between surface and bottom waters, 
as well as between stations inside and outside the bay. 

 

Fig. 1. The sampling stations in Meishan Bay 

Table 1. Information of the sampling stations in Meishan Bay 

Sampling 
station Longitude/E Latitude 

/N Depth /m Location Sampling 
time 

S1 122.03704 29.82861 2.2 Outside the 
bay 2022.11 

S2 121.98707 29.81434 8.0 Inside the bay 2022.11 
S3 121.96684 29.80006 9.5 Inside the bay 2022.11 
S4 121.94603 29.78221 6.2 Inside the bay 2022.11 
S5 121.91906 29.75604 5.1 Inside the bay 2022.11 

S6 121.91527 29.74115 3.0 Outside the 
bay 2023.05 

S7 121.91461 29.73464 4.6 Outside the 
bay 2022.11 

S8 121.88765 29.70570 5.6 Outside the 
bay 2023.05 

S9 121.90792 29.68052 8.3 Outside the 
bay 2023.05 

2.2 Data processing 

Before analysis, the preserved phytoplankton samples were 
gently mixed, and a 1 mL aliquot was transferred to a 1 mL 
Sedgewick–Rafter counting chamber (PYSER-SGI, UK). 
The chamber was covered with a coverslip and examined 
using an inverted light microscope (Olympus CKX53, 
Japan) for taxonomic identification and cell enumeration. 
Phytoplankton abundance was expressed as cells per liter 
(cells/L). Community diversity and evenness were 
evaluated using the Shannon-Wiener diversity index (H′) 
and Pielou’s evenness index (J′), respectively. Dominant 
species were identified based on the dominance index, and 
species with Y > 0.02 were considered dominant. 

3. Results 

3.1 Spatial distribution of phytoplankton in 
surface water of Meishan Bay 

In the surface waters of Meishan Bay, a total of 30 
phytoplankton species were identified, including 18 diatom 
species, 8 dinoflagellate species, 1 cyanobacterial species, 
1 cryptophyte species, and 2 euglenophyte species. No 
single species was detected at all sampling stations. Among 
the nine stations, phytoplankton abundance was highest at 
S2 and lowest at S7. Stations S2, S3, S4, and S5 were 
located inside the bay, where phytoplankton abundance 
ranged from 201,000 to 1,200,000 cells/L. Stations S6, S8, 
and S9 were located on the southern outer side of the bay, 
where abundance ranged from 101,000 to 200,000 cells/L. 
Stations S1 and S7 were located on the northern and 
southern outer sides of the bay, respectively, where 
abundance ranged from 17,000 to 50,000 cells/L. The 
Shannon–Wiener diversity index was highest at S4 and 
lowest at S5. The index ranged from 1.11 to 1.90 at S4, S6, 
and S7; from 0.81 to 1.10 at S1 and S3; and from 0.30 to 
0.80 at S2, S5, S8, and S9. Pielou’s evenness index was 
highest at S7 and lowest at S5. The index ranged from 0.21 
to 0.25 at S1 and S7; from 0.11 to 0.20 at S2, S4, S6, S8, 
and S9; and from 0.05 to 0.10 at S3 and S5(Figure. 2 and 
Figure. 3). 

The dominant species in the surface waters were 
Skeletonema sp., Guinardia delicatula, and Prorocentrum 
minimum. Diatoms occurred at all stations and contributed 
the highest proportion of phytoplankton abundance at all 
stations except S5. Dinoflagellates were mainly distributed 
at the inner-bay stations and showed the highest relative 
abundance at S5 near Wanren Beach, where they far 
exceeded diatoms. Cyanophyta, Cryptophyta, and 
Euglenophyta generally had low abundances, although 
Cyanophyta reached their highest abundance at S1 and 
exceeded diatoms there, while Cryptophyta reached their 
highest abundance at S6. 

 

Fig. 2. Abundance of phytoplankton phylum in surface water in 
different stations of Meishan Bay 

 

Fig. 3. Salinity (B) in surface water at each station site in 
Meishan Bay 

3.2 Spatial distribution of phytoplankton in 
bottom water of Meishan Bay 

In the bottom waters of Meishan Bay, a total of 27 
phytoplankton species were identified, including 24 diatom 
species and 3 dinoflagellate species, whereas Cyanophyta, 
Cryptophyta, and Euglenophyta were not detected. No 
single species occurred at all sampling stations. Among the 
six stations, phytoplankton abundance was highest at S2 
and lowest at S7. Abundance ranged from 150,000 to 
300,000 cells/L at S2, S3, and S4, from 21,000 to 150,000 
cells/L at S1 and S5, and was 18,000 cells/L at S7. The 
Shannon–Wiener diversity index was highest at S5 and 
lowest at S1, with values ranging from 0.40 to 1.50, while 
Pielou’s evenness index was highest at S7 and lowest at S4, 
ranging from 0.10 to 0.20(Figure. 4). 

The dominant species in the bottom waters were 
Skeletonema sp., Guinardia delicatula, and Prorocentrum 
minimum. Diatoms occurred at all stations and showed 
higher abundances than other phytoplankton groups, with 
the highest abundance observed at S2. Dinoflagellates were 
detected only at the inner-bay stations, including S2, S3, S4, 
and S5, and made their highest contribution to total 
phytoplankton abundance at S2. Cyanophyta, Cryptophyta, 
and Euglenophyta were not detected in the bottom waters. 

 

Fig. 4. Abundance of phytoplankton phylum in surface water in 
different stations of Meishan Bay 
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3.3 Phytoplankton Distribution Patterns in 
Meishan Bay 

Mean phytoplankton abundance was generally higher in 
the surface waters than in the bottom waters. The mean 
phytoplankton diversity index was also generally higher in 
the surface waters, whereas the mean evenness index was 
generally lower in the surface waters than in the bottom 

waters. In both the surface and bottom waters of Meishan 
Bay, mean phytoplankton abundance was higher inside the 
bay than outside the bay. The mean diversity index was 
higher in the surface waters than in the bottom waters, and 
was slightly lower in the surface waters inside the bay than 
outside the bay. The mean evenness index was lower in the 
surface waters than in the bottom waters, and was lower 
inside the bay than outside the bay (Figure. 5). 

 

Fig. 5. Average abundance (A), Shannon-Wiener diversity index (H′) (B) and Pielou’s evenness index (J′) (C) of phytoplankton in 
surface and bottom water of Meishan Bay 

 

Fig. 6. The content of Chl-a(A)and the ratio of inorganic nitrogen-phosphorus (B) in surface water at each station site in Meishan 
Bay 

3.4 Various parameters in surface water and 
bottom water in Meishan Bay 

Water depth at the stations in Meishan Bay ranged from 
2.2–9.5 m, with a mean depth of 5.8 m. Station S1 was the 
shallowest, whereas S3 was the deepest. Water 
transparency ranged from 0.1–4.9 m, with a mean value of 
1.48 m. The highest transparency was observed at S5 and 
the lowest at S1. Transparency at the inner-bay stations 
(S2, S3, S4, and S5) was higher than that at the outer-bay 
stations (S1, S6, S7, S8, and S9). 

In the surface waters of Meishan Bay, dissolved 
inorganic nitrogen (DIN) concentrations ranged from 
0.167–0.417 mg/L, with a mean value of 0.305 mg/L. The 
lowest DIN concentration was observed at S2 and the 
highest at S8. Dissolved inorganic phosphorus (DIP) 
concentrations ranged from 0.005–0.038 mg/L, with a 
mean value of 0.022 mg/L. The lowest DIP concentration 
was observed at S3 and the highest at S7. DIN and DIP 
concentrations in the surface waters of the inner-bay 
stations (S2, S3, S4, and S5) were lower than those at the 
outer-bay stations (S1, S6, S7, S8, and S9). 

The DIN:DIP ratio in the surface waters of Meishan 
Bay ranged from 8.61–45.6, with a mean value of 20.86. 
The lowest value was observed at S1 and the highest at S3. 
The DIN:DIP ratio at the inner-bay stations (S2, S3, S4, 
and S5) was higher than that at the outer-bay stations (S1, 
S6, S7, S8, and S9). Correlation analysis showed that the 
DIN:DIP ratio was positively correlated with 
phytoplankton abundance outside the bay but negatively 
correlated with phytoplankton abundance inside the bay 
(Figure. 6). 

4. Discussion 
Artificial dam construction in Meishan Bay first altered the 
hydrodynamic environment and subsequently changed the 
phytoplankton community structure. Meishan Bay is 
located in the coastal waters of Ningbo, Zhejiang Province. 
Before dam construction, it was directly connected to the 
East China Sea and was influenced by the Changjiang 
Estuary, the Qiantang River, and East China Sea tides, 
resulting in frequent water exchange and relatively high 
suspended sediment concentrations [14]. After the 

construction of the northern and southern dams, suspended 
sediment concentrations in the bay decreased [15]. In the 
present study, water transparency was higher inside the bay 
than outside the bay, which may enhance phytoplankton 
photosynthesis and promote phytoplankton growth in the 
inner bay. In contrast, reduced light availability in the 
bottom waters may inhibit phytoplankton growth. Similar 
results were reported by Li et al. [16], who suggested that 
lower phytoplankton abundance in nearshore waters than 
in offshore waters around the Zhoushan Islands in spring 
was probably caused by higher suspended sediment 
concentrations and turbidity. 

The closure of the two dams also altered the tidal 
regime and flow velocity in Meishan Bay, weakening 
hydrodynamic conditions inside the bay, increasing water-
column stability, and reducing particle settling rates [15]. 
Increased water-column stability can enhance 
phytoplankton production and even promote algal blooms 
[17]. In contrast, waters outside Meishan Bay are 
characterized by more complex currents, higher turbidity, 
faster flow velocity, and higher particle settling rates, 
which are unfavorable for phytoplankton growth. Previous 
research showed that diatoms, dinoflagellates, and 
cyanobacteria are most sensitive to changes in flow 
velocity. Diatoms and cyanobacteria account for the largest 
proportions when flow velocity is below 0.05 m/s; diatoms, 
dinoflagellates, and green algae increase at 0.05–0.1 m/s; 
and diatoms become absolutely dominant when flow 
velocity exceeds 0.1 m/s [18]. In the present study, 
dinoflagellates were not detected outside the bay, 
suggesting that their growth may be strongly inhibited 
under high-flow and low-transparency conditions. 

Artificial dam construction in Meishan Bay affected 
nutrient exchange, altered nutrient stoichiometry, and 
thereby changed the phytoplankton community structure. 
Nutrients form the material basis of marine biological 
resources and are key factors limiting phytoplankton 
growth; changes in the input of limiting nutrients can alter 
phytoplankton density. Compared with the waters outside 
the bay, Meishan Bay receives nutrient inputs from several 
land-derived rivers [19], providing favorable conditions for 
phytoplankton growth. Inorganic phosphorus and 
inorganic nitrogen are important nutrients for 
phytoplankton. However, their concentrations were lower 
inside the bay than outside the bay, possibly because 
nutrient consumption by phytoplankton exceeded 
terrestrial nutrient inputs, resulting in lower residual 
nutrient concentrations in the water column. Previous 
studies have shown that nutrient levels in Meishan Bay are 
affected not only by external inputs and release from 
environmental media, but also by phytoplankton uptake in 
different seasons [20]. 

The N:P ratio was higher inside the bay than outside the 
bay. Correlation analysis showed that the N:P ratio was 
positively correlated with phytoplankton outside the bay 
but negatively correlated with phytoplankton inside the bay, 
indicating that the excessively high N:P ratio inside the bay 
may have limited phytoplankton growth. Several studies 
have shown that, under phosphorus limitation, 
phytoplankton communities may shift from diatom 
dominance toward dinoflagellates or other non-diatom 
groups [21][22]. Phosphorus limitation can also be 

influenced by other factors. In the Changjiang Estuary, for 
example, dissolved inorganic nitrogen, inorganic 
phosphorus, and silicate concentrations are affected by 
Changjiang diluted water and generally decrease from 
nearshore to offshore areas. Suspended particulate matter 
can partly regulate phosphate distribution, while biological 
uptake can further intensify phosphorus limitation, 
indicating that phytoplankton play an important role in 
shaping nutrient structure in the Changjiang Estuary [23]. 
In spring and autumn, the outer area of Meishan Bay was 
moderately polluted and was mainly characterized by 
moderately phosphorus-limited potential eutrophication 
and oligotrophic conditions. In contrast, the inner bay was 
mainly characterized by slight pollution, phosphorus-
limited potential eutrophication, and phosphorus-limited 
eutrophication [19]. 

Artificial dam construction in Meishan Bay may 
increase the likelihood of red tide occurrence. After dam 
construction, red tides occurred repeatedly in Meishan Bay 
and peaked in 2018 [13]. In the present study, the mean 
diversity index and mean species evenness index of 
phytoplankton in the surface waters were both lower inside 
the bay than outside the bay, indicating weaker ecosystem 
stability in the surface waters and a higher potential for red 
tide formation. Lower phytoplankton diversity and species 
richness may also indicate a higher degree of 
eutrophication in this area, with greater pollution inside the 
bay than outside the bay. Previous studies have shown that 
coastal engineering can affect phytoplankton composition 
and increase the frequency of harmful red tides [24] [25]. 
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3.3 Phytoplankton Distribution Patterns in 
Meishan Bay 

Mean phytoplankton abundance was generally higher in 
the surface waters than in the bottom waters. The mean 
phytoplankton diversity index was also generally higher in 
the surface waters, whereas the mean evenness index was 
generally lower in the surface waters than in the bottom 

waters. In both the surface and bottom waters of Meishan 
Bay, mean phytoplankton abundance was higher inside the 
bay than outside the bay. The mean diversity index was 
higher in the surface waters than in the bottom waters, and 
was slightly lower in the surface waters inside the bay than 
outside the bay. The mean evenness index was lower in the 
surface waters than in the bottom waters, and was lower 
inside the bay than outside the bay (Figure. 5). 

 

Fig. 5. Average abundance (A), Shannon-Wiener diversity index (H′) (B) and Pielou’s evenness index (J′) (C) of phytoplankton in 
surface and bottom water of Meishan Bay 

 

Fig. 6. The content of Chl-a(A)and the ratio of inorganic nitrogen-phosphorus (B) in surface water at each station site in Meishan 
Bay 

3.4 Various parameters in surface water and 
bottom water in Meishan Bay 

Water depth at the stations in Meishan Bay ranged from 
2.2–9.5 m, with a mean depth of 5.8 m. Station S1 was the 
shallowest, whereas S3 was the deepest. Water 
transparency ranged from 0.1–4.9 m, with a mean value of 
1.48 m. The highest transparency was observed at S5 and 
the lowest at S1. Transparency at the inner-bay stations 
(S2, S3, S4, and S5) was higher than that at the outer-bay 
stations (S1, S6, S7, S8, and S9). 

In the surface waters of Meishan Bay, dissolved 
inorganic nitrogen (DIN) concentrations ranged from 
0.167–0.417 mg/L, with a mean value of 0.305 mg/L. The 
lowest DIN concentration was observed at S2 and the 
highest at S8. Dissolved inorganic phosphorus (DIP) 
concentrations ranged from 0.005–0.038 mg/L, with a 
mean value of 0.022 mg/L. The lowest DIP concentration 
was observed at S3 and the highest at S7. DIN and DIP 
concentrations in the surface waters of the inner-bay 
stations (S2, S3, S4, and S5) were lower than those at the 
outer-bay stations (S1, S6, S7, S8, and S9). 

The DIN:DIP ratio in the surface waters of Meishan 
Bay ranged from 8.61–45.6, with a mean value of 20.86. 
The lowest value was observed at S1 and the highest at S3. 
The DIN:DIP ratio at the inner-bay stations (S2, S3, S4, 
and S5) was higher than that at the outer-bay stations (S1, 
S6, S7, S8, and S9). Correlation analysis showed that the 
DIN:DIP ratio was positively correlated with 
phytoplankton abundance outside the bay but negatively 
correlated with phytoplankton abundance inside the bay 
(Figure. 6). 

4. Discussion 
Artificial dam construction in Meishan Bay first altered the 
hydrodynamic environment and subsequently changed the 
phytoplankton community structure. Meishan Bay is 
located in the coastal waters of Ningbo, Zhejiang Province. 
Before dam construction, it was directly connected to the 
East China Sea and was influenced by the Changjiang 
Estuary, the Qiantang River, and East China Sea tides, 
resulting in frequent water exchange and relatively high 
suspended sediment concentrations [14]. After the 

construction of the northern and southern dams, suspended 
sediment concentrations in the bay decreased [15]. In the 
present study, water transparency was higher inside the bay 
than outside the bay, which may enhance phytoplankton 
photosynthesis and promote phytoplankton growth in the 
inner bay. In contrast, reduced light availability in the 
bottom waters may inhibit phytoplankton growth. Similar 
results were reported by Li et al. [16], who suggested that 
lower phytoplankton abundance in nearshore waters than 
in offshore waters around the Zhoushan Islands in spring 
was probably caused by higher suspended sediment 
concentrations and turbidity. 

The closure of the two dams also altered the tidal 
regime and flow velocity in Meishan Bay, weakening 
hydrodynamic conditions inside the bay, increasing water-
column stability, and reducing particle settling rates [15]. 
Increased water-column stability can enhance 
phytoplankton production and even promote algal blooms 
[17]. In contrast, waters outside Meishan Bay are 
characterized by more complex currents, higher turbidity, 
faster flow velocity, and higher particle settling rates, 
which are unfavorable for phytoplankton growth. Previous 
research showed that diatoms, dinoflagellates, and 
cyanobacteria are most sensitive to changes in flow 
velocity. Diatoms and cyanobacteria account for the largest 
proportions when flow velocity is below 0.05 m/s; diatoms, 
dinoflagellates, and green algae increase at 0.05–0.1 m/s; 
and diatoms become absolutely dominant when flow 
velocity exceeds 0.1 m/s [18]. In the present study, 
dinoflagellates were not detected outside the bay, 
suggesting that their growth may be strongly inhibited 
under high-flow and low-transparency conditions. 

Artificial dam construction in Meishan Bay affected 
nutrient exchange, altered nutrient stoichiometry, and 
thereby changed the phytoplankton community structure. 
Nutrients form the material basis of marine biological 
resources and are key factors limiting phytoplankton 
growth; changes in the input of limiting nutrients can alter 
phytoplankton density. Compared with the waters outside 
the bay, Meishan Bay receives nutrient inputs from several 
land-derived rivers [19], providing favorable conditions for 
phytoplankton growth. Inorganic phosphorus and 
inorganic nitrogen are important nutrients for 
phytoplankton. However, their concentrations were lower 
inside the bay than outside the bay, possibly because 
nutrient consumption by phytoplankton exceeded 
terrestrial nutrient inputs, resulting in lower residual 
nutrient concentrations in the water column. Previous 
studies have shown that nutrient levels in Meishan Bay are 
affected not only by external inputs and release from 
environmental media, but also by phytoplankton uptake in 
different seasons [20]. 

The N:P ratio was higher inside the bay than outside the 
bay. Correlation analysis showed that the N:P ratio was 
positively correlated with phytoplankton outside the bay 
but negatively correlated with phytoplankton inside the bay, 
indicating that the excessively high N:P ratio inside the bay 
may have limited phytoplankton growth. Several studies 
have shown that, under phosphorus limitation, 
phytoplankton communities may shift from diatom 
dominance toward dinoflagellates or other non-diatom 
groups [21][22]. Phosphorus limitation can also be 

influenced by other factors. In the Changjiang Estuary, for 
example, dissolved inorganic nitrogen, inorganic 
phosphorus, and silicate concentrations are affected by 
Changjiang diluted water and generally decrease from 
nearshore to offshore areas. Suspended particulate matter 
can partly regulate phosphate distribution, while biological 
uptake can further intensify phosphorus limitation, 
indicating that phytoplankton play an important role in 
shaping nutrient structure in the Changjiang Estuary [23]. 
In spring and autumn, the outer area of Meishan Bay was 
moderately polluted and was mainly characterized by 
moderately phosphorus-limited potential eutrophication 
and oligotrophic conditions. In contrast, the inner bay was 
mainly characterized by slight pollution, phosphorus-
limited potential eutrophication, and phosphorus-limited 
eutrophication [19]. 

Artificial dam construction in Meishan Bay may 
increase the likelihood of red tide occurrence. After dam 
construction, red tides occurred repeatedly in Meishan Bay 
and peaked in 2018 [13]. In the present study, the mean 
diversity index and mean species evenness index of 
phytoplankton in the surface waters were both lower inside 
the bay than outside the bay, indicating weaker ecosystem 
stability in the surface waters and a higher potential for red 
tide formation. Lower phytoplankton diversity and species 
richness may also indicate a higher degree of 
eutrophication in this area, with greater pollution inside the 
bay than outside the bay. Previous studies have shown that 
coastal engineering can affect phytoplankton composition 
and increase the frequency of harmful red tides [24] [25]. 
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